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Damage to DNA in cervical epithelium related to smoking tobacco

Andrew M Simons, David H Phillips, Dulcie V Coleman

Abstract
Objective-To determine whether tobacco

smoking causes increased DNA modification
(adducts) in human cervical epithelium.
Design-Comparison of DNA adducts measured

by the technique ofpostlabelling with phosphorus-32
in normal ectocervical epithelium of smokers and
non-smokers. A questionnaire on smoking habit and
a urinary cotinine assay were used to identify
smokers and non-smokers.
Setting-Cytology unit in large teaching hospital.
Subjects-39 women (11 current smokers, seven

former smokers, and 21 who had never smoked)
undergoing gynaecological treatmnent (colposcopy or
hysterectomy). Nineteen members of staff who did
not smoke as controls.
Interventions-Biopsy of normal ectocervical

epithelium. Urine sample.
Main outcome measures-Measurement of DNA

adducts in cervical epithelial tissue of smokers and
non-smokers. Smoking habit derived from results of
questionnaire and urinary cotinine:creatinine ratio.
Proportion of adducts in women with abnormal and
normal results ofcervical smear test.
Results-DNA samples from smokers (identified

from questionnaire) had significantly higher median
proportions ofDNA adducts that non-smokers (4.62
(95% confidence interval 4 04 to 7.74) v 3*47 (2.84 to
4.78) adducts/10' nucleotides; p=0*048). Exclusion
of women whose urinary cotinine:creatinine ratio
did not confirm their self reported smoking habit
(smoker or non-smoker) increased this difference
(4.7 (3 85 to 8 08) v 3*52 (2.32 to 4.95) adducts/103
nucleotides; p=0.03). Women who had abnormal
results of cervical smear tests had significantly
higher proportions of adducts than those with
normal results (4.7 (3.90 to 8.13) v 3 47 (3 06 to 5 36)
adducts/10' nucleotides; p=0.03).
Conclusions-Tobacco smoking by women leads

to increased modification of DNA in cervical epi-
thelium, suggesting biochemical evidence consistent
with smoking as a cause ofcervical cancer.

Introduction
Numerous epidemiological studies have shown an

association between smoking and cervical cancer.' The
evidence for this association is based on population and
case-control studies. Many of the studies in which
other known risk factors for cervical cancer are
adjusted for have shown that women who smoke have
up to four times higher risk of developing cervical
cancer than non-smokers.2 These epidemiological
studies, however, do not provide the essential molecu-
lar evidence to show whether this relation between
smoking and cervical cancer is casual or causal. In 1986

the International Agency for Research on Cancer
(IARC) reviewed the available epidemiological data
and concluded that there was insufficient evidence at
that time to include smoking as a causal agent of
cervical cancer.3
Many chemical carcinogens exert their biological

activity through covalent modification of DNA to form
adducts. In the human respiratory tract, where the
association between smoking and cancer is unequi-
vocal,3 it has been clearly shown that DNA from
smokers has significantly higher proportions of
adducts than that of non-smokers.'7 Also cotinine,
a metabolite of nicotine, has been detected in the
cervical mucus of women, showing that the cervical
epithelium is exposed to components of tobacco
smoke.8 9
We investigated the presence of DNA adducts in

normal squamous cervical epithelium by using post-
labelling with phosphorus-32 and compared the results
with the smoking habits of the women.

Subjects and methods
Women requiring a hysterectomy for benign disease

or colposcopy after abnormal results of a cervical smear
test were recruited into the study. They were inter-
viewed on admission and asked to complete a question-
naire which asked whether they had ever (currently or
previously) smoked. If so, then the length of time they
had smoked, the number of cigarettes they smoked a
day, and last time they smoked were recorded. Women
who reported that they had never smoked were
recorded as such. All women were asked whether they
had smoked in the preceding 48 hours. Questions on
passive exposure to tobacco carcinogens and general
health were included. Approval from an ethical
committee and informed consent were gained for
participation in the study.
A urine specimen was collected at the time of

interview to assay for cotinine. The pH was recorded
and the sample frozen at -20°C until analysis. Urine
samples were also collected from 19 medical staff
(known non-smokers) to act as controls.
A punch biopsy specimen of normal ectocervical

epithelium (acetowhite. negative areas) was obtained
from each woman undergoing colposcopy. A biopsy
specimen of ectocervical epithelial tissue (about
6 mmx 10 mm) was excised from the anterior lip of the
cervices of women who had a hysterectomy. The
samples were frozen immediately and stored at - 20°C
until analysis.
DNA extraction-DNA was isolated from thawed

biopsy specimens essentially as described previously."
The DNA yield from each sample was determined
spectrophotometrically.

32P posdabelling-Samples of 4,ug of DNA were
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digested with micrococcal nuclease and spleen
phosphodiesterase then extracted with butanol in an
enhancement process as described previously."
Butanol phase residues were 32P postlabelled412 by
incubation with (y-32P) ATP (ICN Biochemicals,
High Wycombe, Buckinghamshire) and T4 poly-
nucleotide kinase. The reaction was stopped by
addition of apyrase. Resolution of 32P labelled adducts
was carried out by multidirectional chromatography
on polyethyleneimine-cellulose thin layer chromato-
graphy sheets by using solvents and directions des-
cribed previously4: firstly, 1M sodium phosphate, pH
6 (overnight, on to a filter paper wick); secondly, 3 5M
lithium formate-8 5M urea, pH 3*5 (opposite direction
to first direction); thirdly, 08M lithium chloride-0-5M
TRIS-hydrochloric acid-8-5M urea, pH 8 (900
to second direction); and fourthly, 1 7M sodium
phosphate, pH 6 (on to filter paper wick same direction
as third direction). Detection of radioactive material on
the chromatograms (after removal of origin area) was
by autoradiography at -75°C. The areas of the
chromatograms containing the radioactive material
were excised and assayed for radioactivity by Cerenkov
counting. An area of the chromatograms not contain-
ing appreciable radioactivity was also excised and
counted to provide a background level. The extent of
DNA modification was calculated from the levels of
radioactivity on the relevant areas of the chromato-
grams and the specific activity ofthe (-y_3-P) ATP."3 The
results are expressed as total DNA adducts per 10'
nucleotides.

Cotinine assay-The procedure for extracting
cotinine from urine was a modification of a gas
chromatography method (M Sian, personal communi-
cation).'4 A sample of2 ml ofurine was mixed with 1 ml
5M sodium hydroxide and 2-5 ml dichloromethane.
The layers were separated by centrifugation and the
aqueous phase removed. The organic phase was trans-
ferred to a clean Pyrex tube and evaporated under
nitrogen at 40°C. The residue was reconstituted in
100 ,ul isopropyl alcohol. A 1 pl aliquot of solution was
automatically injected into the gas chromatography
column. The analyser used was a capillary gas chroma-
tography unit (Model 3500, Varian Associates) with a
15m capillary megabore column (Jones Chromato-
graphy) connected to a thermionic specific detector. A
routine creatinine assay was carried out on the samples
and the results expressed as the urinary cotinine:
creatinine ratios (nmol:,umol).
Method of analysis-Women were classified as

smokers or non-smokers both on the basis of their self
reported smoking habit and according to their urinary
cotinine:creatinine ratio. The proportions of DNA
adducts in women who smoked were compared with
those of non-smokers. In addition the proportions in
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FIG 2-Proportion ofDNA adducts of self reported smokers and those
non-smokem reclassified as smokers (as result of urinary cotinine:
creatinine ratio >0 06) with non-smokers

biopsy specimens from women with an abnormal result
on a cervical smear test were compared with those from
women with normal results.

Statistical calculations-To investigate the hypothesis
that smoking results in a higher proportion of adducts
in cervical epithelium we used the two tailed Mann-
Whitney U test.

Results
Forty women (age range 25-74 years) were enrolled

into the study. Twelve underwent colposcopic
examination and biopsy after an abnormal result of
cervical smear test (two mild dyskaryosis, five moderate
dyskaryosis, three severe dyskaryosis, one suggestive
of adenocarcinoma, and one suggestive of squamous
carcinoma). The 28 others underwent routine hysterec-
tomy for benign disease (menorrhagia, fibroids,
prolapse, dysmenorrhoea, and dysfunctional uterine
bleeding). One woman was excluded because the
biopsy sample yielded less than 4 ,ug of DNA. The
amount of DNA extracted from each sample varied
from 4 to 152 ,ug. As a minimum of 4 ,g was required
for each test, it was possible to analyse 26 biopsy
specimens three times, nine specimens twice, and four
specimens once. In the 35 samples analysed more than
once the mean result was calculated.
The chromatograms of the 32P postlabelled adducts

showed a diagonal zone of radioactivity (fig 1). This

no 1-Auoradiographs of poLehykneimine caulose thin laye chromatography maps of "P labelld diests of DNA from normal human
cw ical eithelium. Origin is located in bottom le hand cornrofeach chromatogram and has ben excised before autradiography for 2n days at
-75C. Specifc activity of"P is same in aUl thre. (A) Cervical DNA from smoker (11 22 adducts/l1 nucleotides). (B) Cervical DNA from
smnoker (5S01 adductsWlO' mulotides). (C) Cervcal DNA from non-smoker with urinary cotinine:creatinine ratio <0 06 (2 15 adducts/10'
nuotides). R adio nkl, visibk as small dots at p eriph s of radiographs, was used to align autoradiographs with chromatograms for
quantificatin ofadducts
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smokers in some analyses described in text

indicated bulky aromatic DNA adducts and was
similar to that seen in previous studies of human
tissue."7 1 The range of adducts was 1-27-14 47 per 108
nucleotides (fig 2).

ASSESSMENT OF SMOKING HABIT

Of 18 women who reported having smoked ciga-
rettes, 11 admitted to being current smokers and four
to being recent (stopped within past six months)
smokers; the three remaining had not smoked for at
least six months. Twenty one women reported that
they had never smoked. The mean (range) age of stated
smokers was 36 (26-54) years and of non-smokers was
46 (25-76) years. Eight smokers and 16 non-smokers
admitted to passive exposure to tobacco smoke (at
work or home). There was no significant correlation
between age and proportion ofDNA adducts (p > 0 05).
The range of urinary cotinine:creatinine ratios was

0 003-1 43 (nmol:p.mol). All urinary pHs were within
the normal range (pH 5 5-7 0). Figure 3 shows urinary
cotinine:creatinine ratios in self reported smokers,
non-smokers, and non-smoking controls. Non-
smoking controls had urinary cotinine:creatinine
ratios of less than 0 06, so this value was used as a cut

Statistical analysis ofDNA adducts in cervical epithelium of women according to smoking habit and result
ofsmear test

DNA adducts/lO' nucleotides

95% Confidence
Mean SD Median interval p Value

Selfreported smokers (n= 18) 5 89 3 72 4 62 4 04 to 7 74 p=0.048*
Selfreportednon-smokers (n=21) 3 81 2 13 3 47 2 84to4 78

Selfreported smokers and reclassified
non-smokers (n=25) 5 41 3 37 4.45 4 02 to 6 80 -00069

Non-smokers (n= 14) 3 64 2 27 3 52 2 32 to 4 95 P- t

Confirmed smokers (n= 13) 5 96 3 50 4 70 3-85 to 8 08 0.03*
Confirmed non-smokers (n= 14) 3-64 2 27 3 52 2 32 to 495 -

Reported current smokers and reclassified
non-smokers (n=22) 5 71 3 47 4 62 417 to 725 002*

Non-smokers and confirmed former smokers
(n=17) 3.55 210 347 247to463

Abnornal result ofsmear (n= 12)* 6 02 3 33 4 70 3 90 to 8 13 p003*
Normnal result of smear (n=27) 4 22 2 91 3 47 3 06 to 5 36

*Two tailed Mann-Whitney U test.
tOn one tailed Mann-Whitney U test (see text) p=0 035.
*Significant different (p=005) also noted when smokers with abnormal result are compared with smokers with
normal result.

off point. A urinary cotinine:creatinine ratio greater
than 0 06 was taken to suggest that a person had
smoked in the previous 24-48 hours. There was no
significant correlation between cotinine concentrations
and proportions of DNA adducts (p > 0 05). Such a
correlation would not necessarily be expected because
cotinine is a fairly short lived metabolite related to
smoking and its concentration reflects exposure to
tobacco smoke in the preceding 24-48 hours, whereas
DNA adducts reflect a longer term exposure to
genotoxic agents.

CORRELATION BETWEEN DNA ADDUCTS AND SMOKING

HABIT

The women in the study were classified and the data
analysed in four different ways according to whether
smoking habit was judged by self reports or by
cotinine:creatinine ratios. In each case the difference in
numbers of DNA adducts between the groups was
examined, and the table summarises the results.

Self reported smokers versus non-smokers-The
median proportion of DNA adducts in women who
admitted smoking was 4 62 adducts/108 nucleotides
(95% confidence interval 4 04 to 7 74) compared with
3.47 adducts/108 nucleotides (2 84 to 4178) in those
who reported that they did not smoke. Smokers had
significantly higher proportions of DNA adducts than
non-smokers (p=0 048).

Smokers (including self reported non-smokers reclassi-
fied as smokers as a result of urinary cotinine:creatinine
ratio of >0 06) versus confirmed non-smokers-Seven
women who reported that they did not smoke but
whose urinary cotinine:creatinine ratio was greater
than 0 06 were reclassified as smokers. The resulting
median proportion of DNA adducts among the
smokers was 4-45 adducts/105 nucleotides (4-02 to
6 80) compared with 3 52 adducts/108 nucleotides
(2 32 to 4 95) among confirmed non-smokers.
Smokers and those reclassified as smokers had higher
proportions of adducts than confirmed non-smokers
(p=0O069) (see fig 2 and table). This result, which
was marginally significant by a two tailed Mann-
Whitney test became significant when a one tailed test
was applied (p=0 035). The use of a one tailed test
may be justified as the hypothesis examined is that
smoking causes more DNA adducts in cervical epithe-
lium, as in other human tissues exposed to tobacco
carcinogens."

Confirmed smokers (urinary cotinine:creatinine ratio
> 006) versus confirmed non-smokers (urinary cotinine:
creatinine ratio <0 06)-All women whose urinary
cotinine:creatinine ratio did not confirm their self
reported smoking habit were excluded. The medium
proportion ofDNA adducts of confirmed smokers (self
reporting and with urinary cotinine:creatinine ratio
> 0 06) was 4 7 adducts/108 nucleotides (3 85 to 8 08)
compared with a median of 3 52 adducts/105 nucleo-
tides (2 32 to 4 95) for confirmed non-smokers (self
reporting and with urinary cotinine:creatinine ratio
< 0 06; p=0 03; see table).
Current smokers (either self reported or urinary cotinine:

creatinine ratio >0 06) versus current non-smokers
(including former smokers), whose urinary cotinine:creati-
nine ratio was <006- Women who reported being
current smokers at the time of the biopsy and those
with a urinary cotinine:creatinine ratio > 0 06 (current
smokers) had a median proportion of 462 adducts/105
nucleotides (4 17 to 7 25). Current non-smokers
(including former smokers) had a median of 3A47
adducts/108 nucleotides (2-47 to 4 63). This was
significantly lower than among current smokers (p=
0 02; see table).
There was no significant correlation between the

number of cigarettes smoked a day and the proportion
ofDNA adducts (p> 005).
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DIFFERENCE IN DNA ADDUCTS BETWEEN WOMEN WITH

NORMAL AND ABNORMAL RESULTS ON CERVICAL SMEAR
TESTS

Twelve women had an abnormal result on a smear
test. Nine of these women had a urinary cotinine:
creatinine ratio >0-06. The median adduct value in
women with an abnormal result (regardless of smoking
habit) was 4-7 adducts/108 nucleotides (3 90 to 8-13)
compared with 3-47 adducts/108 nucleotides (3-06 to
5 36) in women with normal results (p=0 03; see
table). Further analysis, however, showed a significant
difference (p=0 05) between the median proportion of
adducts in the nine self reported smokers with an
abnormal result (6 15/108 nucleotides; 4-15 to 9 47)
and the nine with a normal result (3-9 1/108 nucleotides;
1 91 to 7 96). In other comparisons of smokers and
non-smokers with either normal or abnormal results
data sets were too small to allow analysis.
There was no correlation between cervical abnor-

mality (mild, moderate, or severe dyskaryosis) and
proportion ofDNA adducts (p > 0 05).

Discussion
Our results show a relation between smoking habit

and the proportions of DNA adducts in cervical
epithelium. The presence of adducts in cervical
epithelium and the correlation with smoking habit
strongly suggests that the adducts are a consequence
of exposure to tobacco compounds. This provides
direct biochemical evidence of potentially carcino-
genic agents affecting the DNA of cervical epithelial
cells.
The diagonal zones ofDNA adducts observed in this

study were similar to those found in previous studies
that used 32P postlabelling to examine human tissue
exposed to tobacco.47 '5 With the procedures used here
32P postlabelling will identify bulky DNA modifica-
tions such as those formed by polycyclic aromatic
hydrocarbons and aromatic amines. Tobacco smokers
inhale a complex mixture of chemicals, many of which
have been shown to be carcinogenic in experimental
animals3 16 and which are therefore implicated as
causative agents in lung cancer.45 Covalent modifica-
tion of DNA is a critical early step in chemical
carcinogenesis'7 and therefore detection of DNA
adducts can provide evidence of exposure to carcino-
gens. All the women in the study had detectable
proportions of DNA adducts whether they were
smokers or non-smokers. In non-smokers this may
reflect passive exposure to carcinogens in environ-
mental tobacco smoke or to carcinogens from other
environmental sources, or both.

Cotinine is a major metabolite of nicotine and has on
average a half life of 19 hours.'8 Only extreme acidifica-
tion of urine can enhance the renal clearance of
cotinine,'8 but none of the urine samples had an
abnormal pH. As a result of the long half life of cotinine
there is little fluctuation in its concentration in the
normal smoking day so urinary cotinine concentrations
are a good measure of nicotine exposure in the previous
24-48 hours. All women in the study had a recordable
urinary cotinine concentration, again providing
evidence for passive exposure to environmental
tobacco smoke. Of the five women who reported
having smoked but who had low urinary cotinine:
creatinine ratios four were former smokers (the low
urinary cotinine:creatinine ratios confirmed that they
had given up smoking) and the fifth reported smoking
only one cigarette a day (ratio=005). Three out of the
seven women who reported being former smokers
(recent and long term) and seven out of the 21 who
claimed not to have smoked had urinary cotinine:
creatinine ratios above 006, suggesting that they had
smoked in the previous 24-48 hours (see fig 3).

Deception by patients in hospital when reporting on
smoking habits is well recognised.'920 As a result of this
we reclassified those non-smokers with a high urinary
cotinine:creatinine ratio (>0 06) as smokers in some
analyses.

In the analysis based on self reported smoking habits
we found significantly more DNA adducts in the
cervical epithelium of smokers than non-smokers (p=
0-048). When those women whose urinary cotinine:
creatinine ratios did not confirm their stated smoking
habit (smoker or non-smoker), were excluded,
this significance was increased (p=0 03). Current
smokers (self reported or with urinary cotinine:
creatinine ratio >0 06) also had significantly higher
DNA modification than non-smokers and former
smokers (urinary creatinine:cotinine ratio <0 6;
p=0 02). Confirmed long term former smokers had
proportions of adducts characteristic of genuine non-
smokers, and recent former smokers had proportions
characteristic of smokers-as has been previously
observed.45
The women who had adduct values above 4-7

adducts/108 nucleotides regardless of smoking habit
had had an abnormal result of a cervical smear test in
over half of the cases. Nine of the 12 women with an
abnormal result had an urinary cotinine:creatinine
ratio greater than 0-06, suggesting that they were
current smokers. This in itself is interesting. Women
with an abnormal cervical smear result had signifi-
cantly higher proportions of DNA adducts than those
with a normal cervical smear result (p=0 03) but there
was no significant relation between the degree of
abnormality of the smear result and the proportion of
adducts in normal epithelium. The proportion of
adducts in smokers with abnormal smear results was
also significantly different from that in smokers with
normal cervical smear results (p=0 05). Although the
numbers in the study were small, the difference was
significant and it confirms that modification of cervical
DNA by components of tobacco smoke may be causal
in cervical dyskaryosis.
Women with high proportions of adducts may have

an increased susceptibility to cervical cancer. Prospec-
tive studies of women with a high proportion of
modified cervical DNA are essential to establish the
risk. This could be done by detecting the DNA
adducts from scrape samples of exfoliative cervical
cells as previously described.2'
With the number of young women who smoke

currently increasing in the United Kingdom (particu-
larly young women aged 15-25 years)22-24 the potential
for a rise in the incidence of cervical cancer could be
expected. If tobacco smoking was stopped permanently
there could be a 20-25% decrease in cases of cervical
cancer in Westem countries.25

In 1986 the International Agency for Research on
Cancer determined that there was not enough evidence
to conclude that smoking is a cause of cervical cancer.3
Our findings are consistent with the proposal put
forward by Winkelstein,l that smoking is a causative
agent of cervical cancer.
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Protection ofchildren by their
mothers against sunburn

Paul Jarrett, Caroline Sharp, Janet McLelland

There is evidence that episodes of sunburn increase the
risk of developing malignant melanoma,' 2 especially
sunburn in childhood.-5 In Australia there have been
extensive public education campaigns alerting people
to the dangers of excessive sunlight exposure, includ-
ing the slip (on a shirt), slop (on sun cream), and slap
(on a hat) campaign. In Britain there has been less
publicity, but the incidence of malignant melanoma is
increasing.

This study looks at the practices of mothers in
Sunderland (a town not noted for its sunny climate) in
protecting their children from the sun and the inci-
dence of sunburn among these children.

Methods and results
During September and October 1991, 200 mothers

attending the paediatric department of Sunderland
District General Hospital were interviewed. They were
questioned about their youngest children, up to a
maximum of three per family, and only those children
aged under 20 were included. The mothers were asked
how many times their children had been sunburnt
(defined as more than 1% of the total body area going
red several hours after exposure to the sun) in the
previous year.

Information on 416 children was obtained, ofwhom
159 had been sunburnt at least once, 150 having been
burnt in Britain. Of the 416 children, 75 had been
burnt once in the previous year; 29 had been burnt

Children ofdifferent ages, exposed to the sun without a shirt, with a hat worn, or with sun cream applied

Children's age (years)

< 1 1-2 3-4 5-9 10-15 16-20
(n=28) (n=71) (n=63) (n= 129) 'n= 103) (n=22)

No (%) exposed to sun without shirt at
least once 4 (14) 37 (52) 52 (83) 106 (82) 81 (79) 13 (59)

No (%) with sun cream applied at least
once 8 (29) 42 (59) 41 (65) 68 (53) 60 (58) 8 (36)

No (%) worn hat at least once in sun 24 (86) 62 (87) 42 (67) 62 (48) 44 (43) 3 (14)

twice, 17 had been burnt three times, eight had been
burnt four times, and 30 had been burnt five or more
times. Of the 163 sunburn incidents in the 1-9 year age
group, 18 occurred in a paddling pool, 57 occurred
while playing at home but not in a paddling pool,
and 49 occurred at the seaside (14 on the beach at
Sunderland). Only seven children were burnt while
sunbathing, and all were over 10 years old.

Altogether 293 (70%) of the children in the survey
had been exposed to the sun without a shirt, 227 (54%)
had had sun cream applied at least once in the previous
year and 237 (57%) had worn a hat in the sun at least
once. The table shows the analysis of these factors by
age; infants aged < 1 year were most protected against
the sun. Boys were more likely than girls to remove
their shirts in the sun (boys:girls= 1-7: 1), but there was
little difference between the sexes in hat wearing
(boys:girls=1 1:1) and the application of sun cream
(boys:girls= 1-2:1). There was no relation between
skin type and the use of a shirt, sun cream, or a hat.

Comment
We found a high incidence of sunburn among the

children in the study with 38% of them having been
sunburnt in the previous year, nearly always in Britain.
Children under 1 year old tended to be well protected,
but protection against the sun declined with age. Skin
type did not affect a child's likelihood ofwearing a shirt,
sun cream, or a hat, suggesting that the increased risk
of sunburn in a fair skinned child was not perceived by
its mother. There is a need for more public education
about the dangers of sunlight, in particular to children,
in this country.

We thank the Paediatric Department, Sunderland District
General Hospital, for permission to study patients.
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